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Interleukin-5 (IL-5) levels were significantly higher in vaginal washing fluids from patients with cervical
carcinoma than in those from patients with carcinoma in situ and controls. Tumor necrosis factor alpha levels
did not differ among the three groups. Detection of IL-5 in cervical secretions may be a useful marker for
evaluating aggressive local immune response in cervical carcinoma.
Cellular immune response mediated by cytokines is the main
defense against tumors related to cervical carcinogenesis. Pre-
vious studies have suggested that decreased T helper 1 (Th1)
and increased Th2 responses are associated with cervical car-
cinogenesis (2, 3, 5, 6, 8). However, Th1 and Th2 cytokines,
such as interleukin-1 (IL-1), IL-10, IL-12, tumor necrosis
factor alpha (TNF-), and transforming growth factor beta,
were elevated in cervicovaginal washings from patients with
cervical carcinoma (12). Another study reported that the con-
centrations of TNF- and IL-10 were increased in cases of
cervical intraepithelial neoplasia (1). Although each study was
different in terms of increased cytokine profiles, the results
reveal that both Th1 and Th2 cytokines are increased in cer-
vical carcinoma, which differs from previous reports of a shift
toward a Th2 cytokine pattern during cervical carcinogenesis.
To date, most studies have focused on the cytokine profiles
of the systemic immune response by analysis of peripheral
blood. This study was designed to evaluate the cytokine secre-
tion profiles for the Th2 cytokine IL-5 and the Th1 cytokine
TNF- in cervicovaginal secretions. In addition, we aimed to
verify whether the levels of cytokines were related to eosino-
phil counts and human papillomavirus (HPV) DNA titers.
Women with abnormal cervical cytology who had been re-
ferred to the Women’s Cancer Clinics of Severance Hospital
between May 2006 and November 2006 were included. For all
women, a cervical biopsy and HPV sampling were performed.
Informed consent was obtained from each patient prior to
enrollment. We recruited women who were diagnosed histo-
logically with cervical carcinoma (n  20) or carcinoma in situ
(CIS) of the uterine cervix (n  6). Women histologically
diagnosed with chronic nonspecific inflammation were re-
cruited for the control group (n  10) (Table 1).
For cervicovaginal sample collection, all individuals lay in
the supine position in a gynecological examination chair. Vagi-
nal wash samples were collected by instilling 5 ml of phos-
phate-buffered saline, and approximately 3 ml was recovered
by aspiration. Due to the presence of microbiota, a protease
inhibitor cocktail was added (10 mM EGTA, 150 mM NaN3,
0.01% [wt/vol] leupeptin [Sigma, St. Louis, MO], 0.02 M Pe-
fabloc [Boehringer Mannheim, Indianapolis, IN]). IL-5 and
TNF- levels were measured using a commercially available
human enzyme-linked immunosorbent assay kit (Biosource In-
ternational, Inc., Camarillo, CA), according to the manufac-
turer’s instructions. Cervical samples for HPV detection and
typing were taken by a cervical sampler (Digene Corporation),
and HPV DNA titers were measured by the Hybrid Capture 2
HPV DNA test (Digene Corporation, Gaithersburg, MD).
HPV genotyping was performed with HPVDNAChip, a PCR-
based DNA microarray system provided by Microarray Center,
Biomedlab Co. (Seoul, South Korea). Peripheral venous blood
samples were collected from patients with cervical carcinoma.
A differential leukocyte count was performed with a Sysmex
XE-2100 analyzer.
The cytokine data were presented as medians and interquar-
tile ranges. The nonparametric Kruskal-Wallis test was used to
assess the difference in cytokine levels between groups. Inter-
group comparisons were evaluated by Dunn multiple-compar-
ison tests. Correlations between the levels of cytokine in each
group and eosinophil counts and HPV DNA titers were deter-
mined by the Spearman correlation coefficient. The statistical
tests and graphing were performed using Prism 4 Windows
software (GraphPad, Inc., San Diego, CA). P values of 0.05
were considered to be statistically significant.
The median IL-5 concentrations in the cervical carcinoma,
CIS, and control groups were 25.50 pg/ml (interquartile range,
14.25 to 54.25 pg/ml), 12.50 pg/ml (10.50 to 19.00 pg/ml), and
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TABLE 1. Demographic and clinical characteristics of patients in
the control, CIS, and cervical carcinoma groups
Group (no. of patients) Median age (yr)(range)
% with HPV infection
Total Types 16and 18
Control (10) 40.0 (28–58) 70 0
CIS (6) 44.5 (36–52) 100 66
Carcinoma (20) 55.0 (33–87) 100 50
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10.00 pg/ml (7.00 to 14.50 pg/ml), respectively. IL-5 levels dif-
fered between groups (P  0.001). The IL-5 concentrations in
women with cervical carcinoma were significantly higher than
those in the controls (P  0.001) (Fig. 1). The median TNF-
concentrations in the cervical carcinoma, CIS, and control
groups were 6.0 pg/ml (interquartile range, 2.25 to 8.00 pg/ml),
5.50 pg/ml (5.00 to 7.25 pg/ml), and 4.00 pg/ml (2.50 to 9.25
pg/ml), respectively. There were no significant differences in
TNF- concentration between groups (P  0.716). For the
cervical carcinoma, CIS, and control groups, the median ratios
of IL-5/TNF- were 5.23 (interquartile range, 2.20 to 12.88),
2.29 (1.83 to 2.74), and 2.02 (1.25 to 3.05), respectively. The
ratio of IL-5/TNF- had a tendency to increase according to
the stage of the cervical lesion. However, there were no sig-
nificant differences between groups (P  0.061). IL-5 concen-
tration showed no significant correlation with TNF- concen-
tration in the cervical carcinoma group (r  0.249 and P 
0.487), the CIS group (r 0.754 and P 0.086), or the control
group (r  0.128 and P  0.590). A positive correlation was
found between eosinophil counts and IL-5 concentrations in
women with cervical carcinoma (r  0.539 and P  0.026). In
contrast, TNF- concentrations did not correlate with eosino-
phil counts (r  0.011 and P  0.966) (Fig. 2). There was no
correlation between HPV DNA titers and IL-5 or TNF- con-
centrations in patients with cervical carcinoma or CIS (r 
0.297 and P  0.283 or r  0.191 and P  0.496, respectively).
In our study, IL-5 concentrations were significantly higher in
women with cervical carcinoma than in women with CIS or
controls. TNF- concentrations also tended to be higher in
women with cervical carcinoma than in women with CIS or
controls. Although our observation of cytokine correlations at
different stages does not show a shift to the Th2 cytokine as
reported previously, the ratios of IL-5/TNF- tended to in-
crease with the cervical lesion stages. These results indicate
that the Th2 immune response in cervical carcinoma is rela-
tively dominant.
The presence of an eosinophil infiltrate may be indicative of
a less effective antitumor immune response (7, 10, 13). In
addition, a dominant Th2 immune response might explain the
poor clinical outcomes seen in cervical carcinoma patients with
an eosinophilic tumor infiltrate (14). In this study, the higher
levels of IL-5 in patients with cervical carcinoma than in those
with CIS or controls suggest that the Th2 immune response is
dominant in cancer tissue. The positive correlations between
concentrations of IL-5 in cervicovaginal washings and eosino-
phil counts in peripheral blood samples suggest that IL-5 may
promote eosinophil growth and activation, thereby inducing
tissue infiltration in the tumor. Eosinophil counts could be
elevated in peripheral blood because of this imbalance in the
immune response.
The decreased Th1 cytokines, such as IL-2 and IFN-, and
the increased Th2 cytokines, such as IL-4 and IL-10, were
demonstrated to occur in the peripheral blood samples of
women infected by HPV types 16 and 18 (9). Persistent high-
risk HPV infection and increased viral loads have been shown
to be correlated with high-grade cervical intraepithelial neo-
plasia and invasive cancer in previous studies (11, 15). In the
present study, there were cases of high-risk HPV infection in
women with cervical carcinoma and CIS. However, HPV DNA
titers did not show significant correlation with cytokine levels.
The subjects of this study were classified according to their
pathological diagnosis based on cervical biopsy. All controls
had a chronic nonspecific inflammation. Even though histolog-
ical diagnosis of chronic nonspecific inflammation is so preva-
lent that it should be considered the norm for parous women
of reproductive age, inflammatory reaction might affect cervi-
FIG. 1. Distribution of IL-5 (pg/ml) concentrations in cervicovagi-
nal washings from the control (n  10), CIS (n  6), and cervical
carcinoma (n  20) groups. Estimated concentrations are plotted for
each sample. Median levels and interquartile ranges are indicated. In
women with cervical carcinoma, those with CIS, and the controls, the
median IL-5 concentrations were 22.50 pg/ml (interquartile range,
14.25 to 54.25 pg/ml), 12.50 pg/ml (10.50 to 19.00 pg/ml), and 10.00
pg/ml (7.00 to 14.50 pg/ml), respectively. Those in women with cervical
carcinoma were significantly higher than those in controls (P  0.001;
Kruskal-Wallis test followed by Dunn’s multiple-comparison test). ,
P  0.001; NS, no significance.
FIG. 2. Correlation between eosinophil counts and IL-5 (A) and TNF- (B) in the cervical carcinoma group. A positive correlation was found
between eosinophil counts and IL-5 in women with cervical carcinoma (n  17) (r  0.539 and P  0.026). No correlation was observed between
eosinophil counts and TNF- (r  0.011 and P  0.966).
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cal cytokine secretion (4). Therefore, the lack of significant
differences in cytokine concentrations between patients with
CIS and controls may be due to nonspecific, non-HPV-related
infection.
In conclusion, our results indicate that the Th2 immune
response is more active than the Th1 immune response in
cervical carcinoma. In addition, cervical IL-5 concentrations in
cervical carcinoma show statistically positive correlations with
peripheral eosinophil counts. Therefore, detection of IL-5 in
cervicovaginal secretions may be a useful marker for evaluating
aggressive local and peripheral immune responses in cervical
carcinoma.
This study was supported by the Brain Korea 21 Project for Medical
Sciences, Yonsei University, and by a grant from the Korean Health 21
R&D Project, Ministry of Health & Welfare, Republic of Korea (0412-
CR01-0704-0001).
REFERENCES
1. Azar, K. K., M. Tani, H. Yasuda, A. Sakai, M. Inoue, and T. Sasagawa. 2004.
Increased secretion patterns of interleukin-10 and tumor necrosis factor-
alpha in cervical squamous intraepithelial lesions. Hum. Pathol. 35:1376–
1384.
2. Bais, A. G., I. Beckmann, J. Lindemans, P. C. Ewing, C. J. Meijer, P. J.
Snijders, and T. J. Helmerhorst. 2005. A shift to a peripheral Th2-type
cytokine pattern during the carcinogenesis of cervical cancer becomes man-
ifest in CIN III lesions. J. Clin. Pathol. 58:1096–1100.
3. Clerici, M., M. Merola, E. Ferrario, D. Trabattoni, M. L. Villa, B. Stefanon,
D. J. Venzon, G. M. Shearer, G. De Palo, and E. Clerici. 1997. Cytokine
production patterns in cervical intraepithelial neoplasia: association with
human papillomavirus infection. J. Natl. Cancer Inst. 89:245–250.
4. Katz, V. L., G. Lentz, R. A. Lobo, and D. Gershenson. 2007. Comprehensive
gynecology, 5th ed. Mosby Elsevier, Philadelphia, PA.
5. Mota, F., N. Rayment, S. Chong, A. Singer, and B. Chain. 1999. The antigen-
presenting environment in normal and human papillomavirus (HPV)-related
premalignant cervical epithelium. Clin. Exp. Immunol. 116:33–40.
6. Romagnani, S. 1991. Human TH1 and TH2 subsets: doubt no more. Immu-
nol. Today 12:256–257.
7. Rothenberg, M. E., A. D. Luster, and P. Leder. 1995. Murine eotaxin: an
eosinophil chemoattractant inducible in endothelial cells and in interleukin
4-induced tumor suppression. Proc. Natl. Acad. Sci. USA 92:8960–8964.
8. Scott, M., D. P. Stites, and A. B. Moscicki. 1999. Th1 cytokine patterns in
cervical human papillomavirus infection. Clin. Diagn. Lab. Immunol. 6:751–
755.
9. Sharma, A., M. Rajappa, A. Saxena, and M. Sharma. 2007. Cytokine profile
in Indian women with cervical intraepithelial neoplasia and cancer cervix.
Int. J. Gynecol. Cancer 17:879–885.
10. Simson, L., J. I. Ellyard, L. A. Dent., K. I. Matthaei, M. E. Rothenberg, P. S.
Foster, M. J. Smyth, and C. R. Parish. 2007. Regulation of carcinogenesis by
IL-5 and CCL11: a potential role for eosinophils in tumor immune surveil-
lance. J. Immunol. 178:4222–4229.
11. Sun, C. A., H. C. Lai, C. C. Chang, S. Neih, C. P. Yu, and T. Y. Chu. 2001.
The significance of human papillomavirus viral load in prediction of histo-
logic severity and size of squamous intraepithelial lesions of uterine cervix.
Gynecol. Oncol. 83:95–99.
12. Tjiong, M. Y., N. van der Vange, J. S. ter Schegget, M. P. Burger, F. W. ten
Kate, and T. A. Out. 2001. Cytokines in cervicovaginal washing fluid from
patients with cervical neoplasia. Cytokine 14:357–360.
13. van Driel, W. J., P. C. Hogendoorn, F. W. Jansen, A. H. Zwinderman, J. B.
Trimbos, and G. J. Fleuren. 1996. Tumor-associated eosinophilic infiltrate of
cervical cancer is indicative for a less effective immune response. Hum.
Pathol. 27:904–911.
14. van Driel, W. J., P. Kievit-Tyson, L. C. van den Broek, A. H. Zwinderman,
B. J. Trimbos, and G. J. Fleuren. 1999. Presence of an eosinophilic infiltrate
in cervical squamous carcinoma results from a type 2 immune response.
Gynecol. Oncol. 74:188–195.
15. Ylitalo, N., P. Sorensen, A. M. Josefsson, P. K. Magnusson, P. K. Andersen,
J. Ponten, H. O. Adami, U. B. Gyllensten, and M. Melbye. 2000. Consistent
high viral load of human papillomavirus 16 and risk of cervical carcinoma in
situ: a nested case-control study. Lancet 355:2194–2198.
VOL. 16, 2009 NOTES 961
